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ABSTRACT 
Physical and acoustic properties of petroleum-based polyurethane (PU) and 
renewable based polyurethane (RPU) foam composites filled with Shorea Leprosula 
(Red Meranti) fiber filler has been investigated. Shorea Leprosula wood dust namely 
as SL was used as the filler. RPU was used with hope to substitute the current 
polyurethane. This research was carried out to investigate the physical and acoustical 
properties and the ability of polymer foam composites (PF) towards sound absorption 
coefficient (SAC) based on the wood fiber size with range of 150-200 µm (powder), 
250-300 µm (fibrous) and 900-1000 µm (flakes). 5 wt%, 10 wt%, 15 wt% and 20 
wt% of SL filler content and thickness of 10 mm, 20 mm and 30 mm were used for 
each PF sample. PF samples have been tested by using Impedance Tube test, 
Scanning Electron Microscopy (SEM) and Mettler Toledo Density kit. As a result, 
the sound absorption coefficient (SAC) shows value at achievable frequency range at 
low (0-1500 Hz) and high (1501-6000 Hz) frequency absorption level. PU with 
powder fiber size (UP20), average pore size with 425.4 µm (smallest), and density 
857.9 kg/m3 (highest) shows better sound behaviour with SAC value of 0.2478 and 
0.9598 at low and high frequency absorption level. Meanwhile, for RPU with powder 
fiber size (RP20), average pore size with 479.8 µm (smallest), and density 839.0 
kg/m3 (highest) shows better sound behaviour with SAC value of 0.2478 and 0.9940 
at low frequency and high frequency absorption level. Moreover, UP20 and RP20 
give the highest SAC value with 30 mm in thickness 0.9037 and 0.9909, and 0.9784 
and 0.9809 at low and high frequency absorption level respectively. In conclusion, 
acoustical characteristics of PF samples shows the ability to influence the absorption 
coefficient of polymeric foam at different frequency levels. Both type of PF produce 
is suitable for sound absorbing materials for indoor and outdoor sound applications. 
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
 vii 
ABSTRAK 
Pencirian fizikal dan akustik untuk busa berkomposit poliuretana berasaskan 
petroleum (PU) dan poliuretana diperbaharui (RPU) yang diisi dengan serat Shorea 
Leprosula (Meranti Merah) telah dikaji. Debu kayu Shorea Leprosula dinamakan 
sebagai SL digunakan sebagai kayu isian. RPU daripada sisa buangan minyak 
digunakan dengan harapan untuk mengantikan poliuretana sedia ada. Kajian ini 
bertujuan untuk mengkaji tingkah laku fizikal dan akustik serta keupayaan polimer 
busa berkomposit (PF) terhadap pekali penyerapan bunyi (SAC) berdasarkan saiz 
serat kayu dengan julat 150-200 μm (serbuk), 250-300 μm (berserat) dan 900-1000 
μm (serpihan). 5 wt%, 10 wt%, 15 wt% dan 20 wt% isian SL dan 10 mm, 20 mm dan 
30 mm ketebalan telah digunakan untuk setiap sampel PF. Sampel PF telah diuji 
dengan menggunakan ujian Tiub Impedans, Mikroskopi Pengimbas Elektron (SEM) 
dan kit ketumpatan Mettler Toledo. Kesimpulannya, pekali penyerapan bunyi (SAC) 
menunjukkan nilai pada jarak frekuensi yang dicapai pada tahap penyerapan 
frekuensi rendah (0-1500 Hz) dan tinggi (1501-6000 Hz). PU dengan saiz serat 
serbuk (UP20), 425.4 μm (terkecil) saiz liang, dan 857.9 kg/m3 (tertinggi) 
ketumpatan menunjukkan perilaku bunyi yang lebih baik berbanding dengan nilai 
SAC 0.2478 dan 0.9598 pada tahap penyerapan frekuensi rendah dan tinggi. 
Manakala, bagi RPU dengan saiz serat serbuk (RP20), 479.8 μm saiz liang (terkecil) 
dan 839.0 kg/m3 (tertinggi) ketumpatan menunjukkan perilaku bunyi yang lebih baik 
dengan nilai SAC 0.2478 dan 0.9940 pada tahap penyerapan frekuensi rendah dan 
tinggi. Selain itu, UP20 dan RP20 memberikan nilai SAC tertinggi dengan ketebalan 
30 mm iaitu 0.9037 dan 0.9909, dan 0.9784 dan 0.9809 pada tahap penyerapan 
frekuensi rendah dan tinggi. Kesimpulannya, pencirian akustik sampel PF 
menunjukkan keupayaan untuk mempengaruhi pekali penyerapan busa polimer pada 
tahap frekuensi yang berbeza. Kedua-dua jenis PF yang dihasilkan sesuai untuk 
bahan menyerap bunyi pada aplikasi bunyi dalaman dan luaran.                                                                       
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1CHAPTER 1 
INTRODUCTION 
1.1 Background of Study 
In today’s world, noise has become one of the environmental pollution that affecting 
public health. Noise is described as the undesirable sounds which can disturb the 
human lifestyle (Gayathri.R, 2013; Hassan & Rus, 2013; Hawkins, 2014; Jayamani, 
2015; and Zhu, Kim, Wang, & Wu, 2013). Human who are affected by noise that can 
disturb their ability to rest, relax, and communicate which can result in stress, 
anxiety, and annoyance. As the noise pollution has become genuine, researchers have 
done many research to discover the solution for this issue and among of the solution 
is to introduce or applying sound absorbing material (Gayathri, Vasanthakumari, & 
Padmanabhan, 2013; Hung et al., 2014; Lou et al., 2015; and Peng et. al, 2015). 
Researcher had done many investigations on enhancing the acoustic performance of 
the sound absorbing material with intention to enhance the quality of human life. 
Sound absorbing materials absorb and reflect back very little on the sound 
energy striking them, in this manner, making them extremely useful for the control of 
noise (Adnan & Rus, 2013; Deshpande & Rao, 2014; Gayathri.R, 2013; and A. Z. M. 
Rus, & Shafizah, 2015). Examples of these materials are glass wool (Asdrubali, 
D’Alessandro, & Schiavoni, 2015), foam (Sung, Kim, & Kim, 2016), natural fibers 
(Mamtaz, Fouladi, Al-Atabi, & Namasivayam, 2016) and other composites which 
can diminish or absorb sound. The properties of the acoustic materials were 
enhanced when the sound absorption coefficient is increased as the material open 
porosity also improved over the entire frequency range; 125 – 400 Hz (Lacoste et al., 
2015; and Sung et al., 2016). The sound absorption coefficient is a valuable property 
when using the geometrical acoustic hypothesis to evaluate the development and 
decay of sound energy in a room (Rus, 2014; Sa’adon & Rus, 2013). The acoustic 
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properties of sound absorption panel which is made by using processed paddy waste 
(Putra et al., 2013) and oil palm fiber (Alrahman et al., 2014) has been examined for 
its acoustic properties. Many types of research had been done on the sound 
absorption of porous material like wood-based material (Zhao et al., 2010), tea-leaf-
waste material (Ekici, Kentli, & Küçük, 2012), aluminium foam (Byakova et al., 
2014) and fabric (Hassan & Rus, 2013).  
Polyurethane (PU) foam are versatile engineering materials which their 
properties can be readily tailored and applied in numerous applications. PU foam 
also have outstanding strength-to-weight ratio, lightweight, resilience, electrical, 
thermal, and acoustic insulating properties, and offer a degree of comfort, protection, 
and utility not matched by other single material characteristics (Badida & Liptai, 
2015; Jayamani, Hamdan, & Suid, 2013; Rohit & Dixit, 2016; and Zhu et al., 2013). 
Generally, PU foam is flexible and rigid in the main market. Petroleum-based PU 
foam has been used as a major synthetic material for engineering practice such as 
sound absorbing material to ease human need. By appropriate choice of raw 
materials, additives and manufacturing technology, properties of petroleum-based 
PU foam can be tailored to satisfy desired application (A. Z. M. Rus et al., 2014). 
Polyol and isocyanate are blended to form polyurethane linkage during the formation 
of petroleum-based PU foam (Azahari, Rus, Taufiq Zaliran, & Kormin, 2017; Chen, 
Jiang, Chen, & Wang, 2015; Gwon, Kim, & Kim, 2016; A. Z. M. Rus, 2014; and 
Tiuc, Vermeşan, Gabor, & Vasile, 2016).  
However, due to the changes in oil prices, these petrochemical feedstocks 
would rise in price and could influence the production cost of PU foam (Carrio, 
Fraga, & Pasa, 2016; and Rus, Normunira, & Hassan, 2014). Thus, there is a need to 
build up another source or recycling of waste as a substitute for the function they 
perform in engineering manufacture. Waste recycling is an interesting way to obtain 
an efficient integrated manner of managing municipal solid waste (Kumar, Singh, & 
Singh, 2015; and Rus et al., 2013). From previous investigations, PU foams 
composites were produced using palm oil were synthesized (Alrahman et al., 2014), 
crosslink and incorporated with natural eco filler of rubber waste or sawdust powder 
(A. Z. M. Rus et al., 2015). Many researchers and industries are starting to explore 
and use different renewable resources such as the abundant and cheap vegetable oils, 
which represent a major potential source of chemicals (Rus, 2014; and Sa’adon & 
Rus, 2013). 
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Furthermore, incorporating fibrous fillers to PU foam can enhance its 
acoustic properties by modified its structures and thus improve its sound absorption 
characteristics (Azahari et al., 2017; and A. Z. M. Rus et al., 2017). Numerous 
researchers found various kinds of fillers such as magnesium hydroxide (Sung, Kim, 
& Kim, 2016), waste tyre rubber (A. Z. M. Rus et al., 2013), crumb rubber (Gayathri 
et al., 2013), and nano-silica (Asadi & Ohadi, 2015) have been used to enhance the 
acoustic properties as well as cost effectiveness of PU foams production.  
Natural fiber from agricultural waste has many advantages contrast to 
synthetic fibers, for example, low weight, low density, low cost, recyclable or 
biodegradable (Nordin, Wan, Zainulabidin, & Kassim, 2016; and Rohit & Dixit, 
2016). These materials have also shown great distinctive highlights from both 
aspects of acoustic and mechanical properties (Kumar et al., 2015; and Mamtaz et 
al., 2016).  
Nowadays, in wood-based plant industries, high amount of hardwood 
sawdust residue is currently treated as solid waste. This residue is burned in 
incinerators which can causes environmental pollution issues and offers limited value 
or uses to the industry (Tiuc et al., 2016). This residue also used as animal feed or 
simply as landfills (Rohit & Dixit, 2016). Hence, an alternative practice must be 
considered by the industry to commercialize this residue by recycling it back without 
causing environmental pollution as well as produce a profitable product. This 
practice will require less energy and reduces pollutants in industrial effluents, as well 
as being more economically advantageous due to its decreased expenses. According 
to the several research groups on sawmill residue, it is only focused on the softwood 
species such as corn (Satarnl, Lamamorphanthl, & Kamwilaisakl, 2014), rice husk 
(Dewi, Artiyani, & Anggorowati, 2015), sugar cane bagasse (Amanda, Flórez, & 
Mori, 2015). 
Acoustic material testing is the procedure by which acoustic properties of 
materials are investigated in terms of absorption, reflection, impedance, admittance, 
and transmission loss. A wide range of techniques can be used to determine the 
acoustic properties of materials. These techniques primarily include exposure to 
know sound fields and measuring the impact of the presence of the material on the 
sound field and aims to guarantee precision and repeatability. There is a scope of 
standards covering material testing that recommended well-defined acoustical 
conditions and special instrument.  
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In this present study, Shorea Leprosula (Red Meranti) wood (SL) act as a 
filler, while, commercialized polyol and waste cooking oil (monomer) act as the 
matrix binder in the petroleum based and renewable based polymer foam composites. 
SL is used because of its abundant sources in the furniture manufacturing, low-cost 
throughout the year, and the economical disposal of SL is a severe problem to the 
wood-based plant industries. The comparison of physical and acoustical properties 
(sound absorption coefficient) of both polymer foam composites was determined to 
investigate the possibility of SL as filler and understanding the quality of fibrous 
material in both polymer foam composites as well as to offer reduction as a 
recyclable renewable material. The fillers also can increase cell density and decrease 
cell size (Gu, Sain, & Konar, 2013). By affecting the macroscopic cell geometry, it 
can act as reinforcement material in polymer foam composites (Gwon et al., 2016).   
1.2 Problem Statement 
In recent years, the management of waste cooking oil and sawdust waste has become 
the significant concern in the Small Medium Entrepreneur (SME) industries and 
wood-based plant industries in Malaysia. This industries cannot discover the solution 
on how to overcome this problem thus resulting in pouring the waste cooking oil into 
the drain or toilet (Adnan & Rus, 2013; Hassan & Rus, 2013; Rus et al., 2013; Rus et 
al., 2014) or burned the sawdust waste in the incinerators (Azahari et al., 2017; A. Z. 
M. Rus, 2014; and  A. Z. M. Rus et al., 2015; Sa’adon & Rus, 2014), thus, increases 
the environmental pollution.  
Previous research has demonstrated that waste cooking oil (monomer) can be 
produced into renewable based polyurethane (RPU) foam-based product (Adnan & 
Rus, 2013; Hassan & Rus, 2013; Rus et al., 2013; and Rus et al., 2014). This product 
can possibly enhance the PU foam acoustics and mechanical properties, and develop 
to diminish the environmental pollution as well as alternative ideas to petroleum-
based products. The use of renewable sources in the preparation of different 
industrial materials has been recycled because of the environmental concerns. The 
current sound absorbing material applications in sound absorption is mainly 
produced by using natural fiber and petroleum-based product. From the previous 
research also, studies on renewable resources such as soybean oil (Luo, Mohanty, & 
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Misra, 2013), castor oil (Carrio et al., 2016) and sunflower oil (Hassan & Rus, 2013) 
for the polymer industry has become exceedingly desirable for both economic and 
environmental reasons.  
Meanwhile, wood fiber from sawdust waste consists of cellulose which is one 
of the most important polymer characteristic produced in the biosphere, and it is 
considered the most abundant renewable polymer on earth. Production of cellulose-
lignin is estimated to be over 7.5 x 1010 tons per year (A. Z. M. Rus, 2014; A. Z. M. 
Rus et al., 2015; and Sa’adon & Rus, 2013). Previous researchers have used and 
studied recycled fibrous waste with different characteristics to reinforce polymer 
foam composites as sound absorbing materials: corn cob (Zhu et al., 2013), cotton 
(Putra et al., 2013), jute fibers (Zhu et al., 2013), textile fibers (Tiuc et al., 2016), 
coconut fibers (Alrahman et al., 2014), tea-leaf fibers (Ekici et al., 2012) and kenaf 
(Asdrubali et al., 2015). However, there are lacks of studies in regards to the use of 
wood, by-product (cellulose and lignin) with the different particle sizes and wood 
species reinforce in polymer foam composite. 
In addition, petroleum-based PU foams use fillers to modify the material’s 
characteristic as well as to diminish manufacturing cost. This is also to give 
dimensional stability, ease of retraction from the shape and service density (Carrio et 
al., 2016; Gayathri.R, 2013; Kim, Kim, & Lim, 2008; and Sonjui & Jiratumnukul, 
2015). Particulate or fibrous fillers are used for cost reduction or mechanical and 
acoustic properties improvement (Kumar et al., 2015; and Rus et al., 2013). When 
adding a filler to a polymer, it is to form a conjugated biphasic material. The tension 
connected to the polymeric matrix will be exchanged to the disperse filler phase in 
which it gives superior properties than the pure polymer (Asadi & Ohadi, 2015).  
Noise pollution that gives a negative effect on public health is also becoming 
an increasingly significant concern (Alrahman et al., 2014; Gayathri.R, 2013; 
Hawkins, 2014; Jayamani, 2015; Lou et al., 2015; Sung et al., 2016; and Zhu et al., 
2013). Hence, innovative research and development of efficient and environmentally 
friendly sound absorbing materials are important to overcome this environmental 
pollution. 
In this research, the comparison of physical and acoustic properties of 
petroleum based and renewable based PU foam filled with powder, fibrous and 
flakes wood fiber filler is studied. This study aims to produce an economical and 
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high quality of alternative natural fillers and renewable based PU for production of 
polymer foam composite from biomass. 
1.3 Objectives of the Study 
The objectives of the study are: 
(i) To study the effect of Shorea Leprosula filler content and size on physical 
and morphological structure of petroleum and renewable based polyurethane 
foams. 
(ii) To evaluate the effect of Shorea Leprosula filler content, filler size and 
thickness on acoustic properties of petroleum and renewable based 
polyurethane foams. 
(iii) To investigate the correlation between physical and acoustical properties of 
petroleum and renewable based polyurethane foams. 
1.4 Hypothesis of the Study 
The hypotheses of the study are: 
(i) To prove that Shorea Leprosula wood and renewable based monomer can be 
substituted as alternative filler and polyol that affects the sound absorption 
behaviour of polymer foam composites. 
(ii) To prove that petroleum based and renewable based polyurethane foam 
incorporated with Shorea Leprosula wood filler may offer good sound 
absorbing material 
1.5 Scope of the Study 
In this research, polymer foam composites (PF) from petroleum based and renewable 
based were fabricated based on crosslinking between petroleum-based polyol, polyol 
from renewable monomer (waste cooking oil), flexible isocyanates with Shorea 
Leprosula wood (SL) as alternative filler.  
SL was obtained from Tukang Kayu A.Hamid Sdn Bhd, furniture industry 
from Peserai, Batu Pahat. Polyol (monomer) based on waste cooking oil from Small 
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Medium Entrepreneurs (SME) was produced by using in-house catalyst preparation 
to develop the epoxides from the unsaturated fatty compound, which consists of the 
acid-catalyst ring opening of the epoxides.  
The PF were fabricated based on five percentages of filler loading which is 0, 
5, 10, 15, and 20 wt % of polyols with an average size of 150-200µm (powder), 250-
300µm (fibrous), and 900-1000µm (flakes) for SL. The thickness of the polymer 
foam composites is 10, 20 and 30 mm. The frequency range for low frequency is 0- 
1500 Hz and for high frequency is 1501-6000 Hz. This is to characterize the 
influence of the size and shape of the filler to the sound acoustic characteristics.  
The quality of these acoustic properties of PF with different composition ratio 
or thickness were analyzed based on the acoustic property of the sound absorption 
coefficient (α) and the level of frequency by using Impedance Tube test. Scanning 
electron microscope (SEM) was used to obtain a clear morphological structure image 
of the PF samples.  
Furthermore, density test was conducted to measure the density and its effect 
on the sound absorption of PF samples. All instruments for testing measurement 
were performed in laboratory at Universiti Tun Hussein Onn Malaysia (UTHM). 
1.6 Significance of the Study 
The significances of the study are: 
(i) The polymer foam composites were developed using filler from waste which 
is found abundantly on earth can replace the existing filler which mostly 
sources from chemicals which may affect public health. 
(ii) The renewable based monomer from waste cooking oil can be a substitute as 
the component in polymer application which contributed to sustainability and 
green technology. 
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